In the present work, new inverse hyperbolic higher-order shear deformation theory (IHHSDT) is proposed and implemented for buckling analysis and free vibration analysis of porous Functionally Graded Material (FGM) plate on the foundation. The proposed theory follows the approximately parabolic distribution of the transverse stresses through the plate thickness and satisfies the conditions of continuity and differentiability. Three different types of porosity distribution considered. Governing differential equations (GDEs) of the plate is developed in the framework of proposed theories by Hamilton's principle. Multiquadrics radial basis function (MQ-RBF) based Meshfree method used for discretizing the GDEs. The result obtained by the present theory is validated with the three-dimensional elastic theory and other available solutions in the literature to ensure the efficacy and accuracy of the proposed theory. Numerical results obtained for buckling and free vibration for porous FGM plate resting on the foundation. Effect of grading index, porosity fraction, porosity distribution, the effect of foundation, and the span to thickness ratio have discussed. The secured results can consider as a benchmark for future studies.
Introduction
Pure metals or ceramics have limited application in structural engineering because of the demand of conflicting properties requirements. Some new magnificent advanced composite plates which are made up of functionally graded materials (FGM) are in much demand because of their unique material properties which vary from the surface of one direction to the surface of the other direction. In FGM, an excellent combination of properties which are different from the individual parent materials and lighter in weight used. FGM was first proposed by Bever and Duwez [1] in 1972. Due to their excellent properties, FGMs widely used in the aerospace industry, aeronautical engineering applications, biomedical, electronic chips, heatresisting environment, and many structural applications. Some significant advantages of the FGM are the elimination of delamination mode of failure, residual stresses, high interlinear shear stresses, local stress concentration at the interface or reducing thermal stress, which are the characteristic phenomena observed in laminated composite materials. The research on plates started with the analysis of thin plates using Classical Plate Theory (CPT). Then the first-order shear deformation theory (FSDT) was introduced, whose accuracy is determined by the shear correction factor, which may be difficult to calculate on advanced composites. To avoid such troubles, higher-order shear deformation theories (HSDTs) introduced. However, the majority of these theories avoid transverse extensibility by neglecting the stretching effects. HSDTs further classified as polynomial and non-polynomial. Non-polynomial HSDTs are mainly trigonometric, hyperbolic, algebraic exponential, and logarithmic shape function. Levy M [2] , was probably the first to develop a trigonometric theory for the analysis of thick isotropic plates. Touratier [3] , used the same function and developed a Sinusoidal Shear Deformation Theory for isotropic laminated plates with five unknowns. Soldatos [4] , first used a hyperbolic shape function to develop HSDT for composite plates. Karama et al., [5] developed the first five variable exponential function for the plate analysis. Recently, some new transverse shear deformation theories have introduced for additional accuracy. Mantari et al., [6] introduced a new transverse shear deformation theory for composite plates to avoid a shear correction factor under the sinusoidal and uniformly distributed loads. Grover et al., [7] proposed a new inverse hyperbolic shear deformation theory for static buckling analysis of laminated composites the and sandwich plates to provide an accurate solution which is less from computational error. Mantari& Guedes Soares [8] , proposed a new nonpolynomial HSDT for investigation of the static response of composite plates. Aicha Bessaim et al., [9] introduced a new hyperbolic HSDT to improve the accuracy of bending and vibration analysis of a sandwich plate with a thin functionally graded sheet. A new hyperbolic transverse shear deformation theory was introduced by El Meiche et al., [10] to improve the effects of buckling and free vibration analysis of thick FG sandwich plates. Thai and Vo [11] , introduced a new sinusoidal transverse shear deformation theory for bending, buckling, and vibration analysis of FG plate to improve the accuracy of the analysis. Mahi et al., [12] developed a new hyperbolic shear transverse theory to avoid the shear correction factor which improved the accuracy of bending and free vibration analysis of isotropic, functionally graded, sandwich and laminated composite. Joshan et al., [13] developed four variables inverse hyperbolic shear deformation theory for analysis of laminated composite plates. Mantari, [15] developed an accurate sinusoidal trigonometric theory for the analysis of the FGM plate and shells. Viola et al., [16] introduced the new shear function for the static analysis of laminated double curved shells by using Generalized Differential Quadrature (GDQ) method. Viola et al., [17] , investigated free vibration analysis of double-curved laminated shells and panels and comparison among the FSDT and existing HSDT.
There are many computational methods available for solving the partial differential equation (PDE) and analyzing the composite structures. The generation of a mesh in mesh-based computational methods is a difficult task for any structure, so meshfree methods are an alternative to mesh-based numerical methods. A meshfree method does not require a mesh to discretize the PDE. Some meshless methods depend on background meshes that may support numerical quadrature calculations. Meshfree methods can categorized into two forms for solving the PDE which is known as a weak form and strong form meshfree methods.Regarding weak meshless methods, Nayroles et al., [18] were first to introduce a new diffuse approximation to interpolate through moving least squares into a Galerkin scheme. On the other side, collocation meshfree methods work on the strong form of the PDE. The radial basis func-tion method was first used by Hardy [19] and proposed a simple shape parameter c = 0.815h, where 'h' is the average distance between the closest neighbors. After 20 years, Kansa [20] , developed the solution of PDEs. Franke [21] has ranked MQRBF as the best interpolation method based on its accuracy, execution time, and ease of implementation. Cheng [22] investigated subject positive definiteness, error estimate, optimal shape parameter, traditional and effective condition numbers, round-off error, derivatives of interpolator, and the edge effect of multiquadric radial basis functions and its shape parameter. A detailed discussion of RBFs seen in Liu and Gu [23, 24] . While utilizing RBFs, several shape parameters need to determined for better performance Chen et al., [25] investigated free vibration of FGM plate using a local natural neighbor interpolation meshless method based on FSDT. Kumar and Singh, [26] investigated various HSDT for the buckling analysis of FGM plate via the RBF method. Ferreira et al., [27] analysis composite plate by using MQ-RBF based meshfree method. Kumar et al. [28] investigated bending response of FGM plate under patch load by using Wendland RBF. Ferreira et al., [29] used RBF based collocation method for the bending analysis of functionally graded plates. Neves et al., [30] investigated Adaptive Methods for Analysis of Composite Plates with RBF. Roque et al., [31] and Ferreira et al., [32] investigated bending and vibration analysis of composite plates by using RBF based layerwise theory. Singh et al., [33] used the meshfree technique for the analysis of laminated composite and sandwich plates using various RBF. Fantuzzi et al., [34] applied the RBF method for the free vibrations of doubly-curved laminated composite shells and panels by using HSDT.
The typical literature for the buckling and vibration analysis of FGM plates are rare as compared to isotropic, laminated and sandwich plates. Zhu and Liew [35] , carried out a free vibration analysis of functionally graded plates using FSDT based on local Kriging meshless technique. Ferreira et al., [36] carried out a free vibration analysis of FGM plate by using the multiquadric radial basis function-based collocation method. Xiang and Xing [37] developed a new FSDT having two independent variables for the free vibrations of a rectangular plate. Zhao et al. [38] implemented an element free kp-Ritz technique to analyze free vibration of functionally graded plates. FSDT is used to analyze transverse shear strain and, mesh-free kernel functions used to approximate the 2-dimensional displacement fields. Vu et al., [39] introduced four variable FSDT for the static and free vibration analysis of FGM plate. Neves et al., [40] investigated static and free vibration analysis of FGM plates by using quasi-3D hyperbolic shear deformation theory with RBF based meshless technique. Wu and Chiu [41] , carried RMVT-based meshless collocation and element-free Galerkin technique for the quasi-3D free vibration analysis of FGM plates. Thai and Choi, [42] presented a buckling analysis of FGM plate with four variables by applying closed form solutions. Park and Choi, [43] used two variables FSDT models for bending, buckling, and free vibration analyses of isotropic plates. Buckling analysis of plates under uniaxial and biaxial compression with shear loads was carried out by Bui et al., [44] using the efficient meshfree method. Galerkin meshfree formulation was presented by Sadamoto et al., [45] for buckling analysis of stiffened plates. Zhao et al., [46] carried a buckling analysis of FGM plate based on the element-free kp-Ritz method, and the formulations based on FSDT, also including the effect of the imperfection of initial geometry. Moslemi et al., [47] introduced an analytical solution for the buckling analysis of isotropic plate subjected to uniaxial or biaxial uniformly distributed in-plane load. Isogeometric buckling analysis of FGM was carried out by Yu et al. [48] based on first-order shear deformation theory without considering the effect of shear locking. Chakraverty and Pradhan, [49] used the Rayleigh-Ritz method to investigate the free vibration of FG plates under various boundary conditions. Talha and Singh [50] , carried out bending and vibration analysis of FGM plates by using the FEM method.
FGM plates resting on elastic foundations are one of the most important structural components used in aircraft on runways, footings, mat foundations, and many astronautic and marine structures. Malekzadeh, [51] investigated 3D free vibration of FGM plate resting on foundation, and the material properties vary exponentially through the thickness. Ait Atmane et al., [52] investigated free vibration of FGM plate by using trigonometric HSDT resting on foundation. Sobhy, [53] investigated buckling and free vibration response of FGM sandwich plate resting on foundation. Studies on the buckling and vibrations of porous FGM plates have limited in the literature. Shahsavari et al., [54] investigated free vibration of three types of porosity distribution FGM plate by using quasi-3D hyperbolic theory. Wang et al., [55] investigated non-linear free vibration of FGM plate with porosity effect. Zhao et al., [56] used 3-D exact solution for vibration analysis of three types of porosity distributions FGM plates subject to various boundary conditions. Kiran and Kattimani [57] , examined the bending and free vibration of the porous FGM plate by using the finite element method.
In the present work, MQ-RBF based meshfree method implemented for the buckling and free vibration analysis of porous FGM plates with proposed HSDTs on the foundation. The GDE of the FGM plate is developed using the principle of virtual works.MQ-RBF based Meshfree method im- plemented for discretizing the GDE. The convergence and validation study of a meshfree method for various problems carried out. It noticed that the developed theory results predict closer to the 3-D elasticity results. Some new results for buckling and free vibration analysis of FGM plate in porous media with on foundation are presented using IHHSDT based on five variables ESL theory. The effect of porosity distribution, porosity fraction index, grading index, foundation effect, and span to thickness ratio examined.
Theoretical formulation 2.1 Description of the FGP plates
A functionally graded material plate with dimensions (a × b × h) in the cartesian coordinate system (x-y-z) shown in Figure 1 . The mid-plane of the plate considered as the reference plane. The effective materials properties of the FGM plate are uniform across the thickness direction based on the modified power-law in the Voigt model. Three types of porosity distributions along the thickness direction are as follows:
• SCPD: Symmetric center enhanced porosity distribution, [58] • BPD: Bottom enhanced porosity distribution, [58] 
• TPD: Top enhanced porosity distribution, [58] 
Where E represents the effective material property (Young's modulus), subscripts m and c represents the metallic and ceramic constituents respectively, P is the porosity fraction (0 < P < 1) and P=0 means pure FGM plate. 'n' is exponent governing the material properties along the thickness direction known as grading index. The value of 'n' equal to 0 and ∞ represents a fully ceramic and metal plate, respectively.
Displacement field
The displacement model can represented in terms of generalized transverse HSDT f (z) and the in-plane displacement u, v and w at any point along the x-, y-and z-axes can be expressed in terms of the mid-plane displacements uo, vo, wo and rotations ϕx and ϕy which are five unknown displacement functions as :
The f (z) represents the transverse shear deformation function which responsible for examining the distribution of the transverse shear strains and stresses along with the thickness. The proposed and existing transverse shear deformation function f (z) listed in Table 1 . Researchers are always in search of new theory for better accuracy and stability of results. In the same line, authors of this paper tried to find a new theory which can give a better solution. The function f (z) is chosen in such a way that it satisfies the conditions of continuity and differentiability, such that
These conditions are essential for a transverse shear deformation function in order to eliminate the requirement of the shear correction factor. From Figure 2 , it can clearly see that the newly proposed theory account for the parabolic variation of transverse shear strains through the span to a thickness of the plate. Furthermore, the proposed theory 
Strain-displacement relationships
According to the linear, small-strain elasticity theory, the strain-displacement relations expressed as:
Constitutive Stress-Strain Relations
The stress-strain relation using Hook's law concerning the structural axis system (X-Y-Z) for the isotropic FGM plate with σzz = 0 be expressed as Ferreira et al., [29] ;
Where {σ} and {ε} are the stress vector and strain vector respectively and Q i,j is transformed reduced stiffness matrix.
Governing Differential Equations
Hamilton's principle is used herein to derive the governing differential equations of the FGM plate along with variationally admissible boundary conditions. The principle can be expressed as
Where δ denotes the variational symbol and ρ is the mass per unit volume. The strain energy (UE) of the FGM plate is expressed by [72] 
+ σyy εyy + σxy xy + σyz yz + σxz xz) dz dA
The kinetic energy (KE) of the FGM plate is expressed by
The potential energy (PE) due to the in-plane mechanical loading of the FGM plate is expressed by
The potential energy (VE f ) of the elastic foundation is expressed by [72 ]
Considering displacement-strain relations and stressstrain relations, and applying integration by parts and the fundamental lemma of variational calculus and collecting the coefficients of δu 0 , δv 0 , δw 0 , δϕx, and δϕy. The governing differential equations of the plate obtained as:
Where, N b xx and N b yy are the in-plane axial forces and N b xy = N b yx is the in-plane shear force is listed in Figure 3 . In 
Governing differential equation in terms of displacement
The governing differential Eqs (16) - (20) are present in terms of displacement components using Eqs 6 and 10 and finally expressed as:
The stiffness coefficients for the FGM plate are taken as: 
Simply supported boundary condition SS boundary condition
a : Nxx = 0, v 0 = 0, w 0 = 0, Mxx = 0, ϕy = 0 y = 0, b : u 0 = 0, Nyy = 0, w 0 = 0, ϕx = 0, Myy = 0
Solution methodology
The governing equations, along with the appropriate boundary conditions are solved using multi quadratic radial basis functions RBF based meshfree method. For the present analysis, MQ-RBF is taken and which expressed as:
are shape parameters. nx and ny are a number of divisions (number of nodes-1) along with the 'a' and 'b' respectively. α is a constant that governs the value of 'c' for interior and boundary nodes for MQ-RBF. Optimization of the shape parameter has been discussed by Singh and Shukla [87] . For the present investigation, a MATLAB code is developed to acquire the solution. First, the convergence of results was checked by shifting the shape parameter. When convergence is confirmed and stable, the accuracy was likewise checked. Also, given stability and accuracy, the authors proposed the given shape parameter. A 2-D rectangular with any arbitrary boundary having NB boundary nodes and NI domain interior nodes subjected to compressive in-plane forces and shear distributed forces is shown in Figure 3 .
Discretization of Governing Differential Equations
The unknown field variables u 0 , v 0 , w 0 , ϕx and ϕy appearing in governing differential equations can interpolated in the form of the radial distance between nodes using the following expression:
Where, N is a total number of nodes, which is equal to the summation of boundary nodes NB and domain interior nodes NI, α u j is unknown coefficient, g
⃦ is the distance between the nodes.
The governing differential equations are discretized and finally expressed in compact matrix form as:
Here, For free vibration analysis:λ = 0, χ = 1 For buckling analysis:λ = 1, χ = 0 Where,
[M] = −ω 2 
Numerical results and discussions
To validate the accuracy, stability, and efficiency of the proposed theory with MQ-RBF based meshfree method, a significant number of numerical examples presented and discussed to verify the effectiveness of the proposed IHHSDT considered firstly. Based on the convergence study, a 15×15 node used throughout the study. Then, the influence of some critical parameters, including boundary condition, material property distribution, elastic foundation, porosity volume fraction behaviors of the FGM plate discussed in detail. The equations solved by developing a computer program using MATLAB (2015) to obtain the results. Four types of FG Plates used in this study and their material properties listed in Table 2 . The equivalent shear (Ks) and Winkler (Kw) parameters considered throughout the study and which defined as
Em h 3
Convergence and Validation study
In order to check the accuracy, stability and validation purpose of the MQ-RBF method and proposed IHHSDT for the analyses of the buckling and free vibration of the FGM plate, the present results compared with several results available in the open literature. The equations solved by developing a computer program using MATLAB (2015) to obtain the results. For the accuracy and validation purpose of the present method and proposed theory, the first problems carried out for a simply supported isotropic plate. The numerical results for the uniaxial critical buckling parameter with various spans to thickness ratios were examined in Table 3 . It can be observed that the present results are a good agreement with the analytical 3-D solution given by Rao and Srinivas, [73] with the deviation is up to 5%.and also good agreement with the 3D buckling solutions using the Ritz method by Uymaz and Aydogdu [74] . The present results are closer to the Rao and Srinivas, [73] as compared to the Rao and Srinivas, [73] . Figure 4 represents the convergence and validation study of critical buckling parameter of SS FGM plate from thick to thin plate with 'n'= 1 considered. It can be observed that convergence of present results with effect of power index is achieved after 13×13 nodes and validated with the 3-D and elasticity solution given by B. Uymaz, M. Aydogdu [74] with the deviation is up to 2%. It observed that present converged results are closer to 3-D results, which is better than 2-D results.
The convergence and validation study of the nondimensional frequency parameter of five modes for SS FGM-1 square plate presented in Table 4 . It can be seen that the present results obtained by proposed theory and method is convergence within 2% at 15×15 nodes and shows good agreement with the 3-D solutions by Jin et al., [75] . Figure 5 shows the normalized fundamental frequency parameter from thick to thin FGM-2 plate. The non-dimensional frequency parameter ϖ = served that present results are achieved good convergence after 15×15 nodes and is predict near to the 3-D exact solution of Uymaz and Aydogdu [76] from thick to the thin plate. So, it can conclude that the present method and proposed theory is sufficiently accurate for its acceptability for buckling and free vibration analysis of FGM plate and the nodes distribution is 15×15 nodes can give the results with excellent accuracy and is intensity in its computing time and acceptable for the further analysis.
Comparison study
In this section, the present method results compared with several method results available in the open literature and proposed theory is compared with the 3D solution [76] and the other five variables HSDT theories carried out with the same method to determine their accuracy and applicabil- ity. For checking the accuracy of the proposed theory, the numerical results for the uniaxial critical buckling parameter and non-dimensional frequency parameter are examined in Table 5 and Table 6 , respectively. A SS FGM square plate is taken for investigation with different grading index. It can be observed from Table 5 and Table 6 that the proposed IHHSDT is very close to the 3-D exact solution results and also give low average Diff % for the results obtained by other existing HSDT theories solved by the present method. So for further analysis, IHHSDT is considering for investigation.
Comparison study of present results with the other HSDT and FSDT result carried out with the different methods is listed in Table 7 . Fundamental frequency parameter of FGM-1 plate for different values of span to thickness ratio (a/h = 5, 10, and 20) is presented, with power index 'n' = 0, 0.5, 1, 4, and 10. It should be noted that the results reported by Hosseini-Hashemi et al., [78] has carried out an exact solution , Nguyen-Xuan et al., [79] , Nguyen-Xuan et al., [80] , Hosseini-Hashemi et al., [81] , Zhao et al., [82] and Tran et al., [83] carried out FSDT with different values of shear correction factors in their study work and the results Ref. [78] 0.0148 0.0125 0.0113 0.0098 0.0094 Ref. [79] 0.0148 0.0126 0.0113 0.0098 0.0094 Ref. [80] 0.0149 0.0127 0.0114 0.0099 0.0095 Ref. [84] 0.0148 0.0125 0.0113 0.0098 0.0094 Ref. [81] 0.0148 0.0128 0.0115 0.0101 0.0096 Ref. [82] 0.0146 0.0124 0.0112 0.0097 0.0093 Ref. [83] 0.0148 0.0126 0.0113 0.0098 0.0094 Ref. [83] 0.0148 0.0125 0.0113 0.0098 0.0094 IHHSDT 0.01479 0.0125 0.0113 0.0098 0.0094
reported by Benachour et al., [84] , Tran et al., [83] has carried out HSDT. It can observed that present results are in good agreement with the other method result.
To verify the accuracy of the present method and theory for FGM plate on elastic foundation, buckling load parameter, and frequency parameter of the plates compared with those reported in the literature. Table 8 and Table 9 represent a comparison study on the effect of the elastic foundation for buckling load parameter and frequency parameter obtained by the present theory of SS FGM-1 plate, respectively. It can notice that the results of the present theory are in good agreement with those generated by TSDT, Thai and Kim, [85] and Thai and Choi, [86] for buckling load parameter and frequency parameter respectively. So, it can conclude that IHHSDT and method is not only accurate and stable but also efficient in critical buckling load parameter and frequency parameter of plates on elastic foundation.
Parameter studies
After verifying the accuracy and stability of the present method and proposed theory, parameter studies are carried out to examined the effects of grading index 'n' , porosity distribution, porosity index span to thickness ratio, and foundation parameter on the buckling load and frequency parameter. After convergence and comparison studies of proposed theory and method, a 15×15 nodes and the proposed IHHSDT is considered for throughout the parameter studies considering the computational cost and accuracy of the studies. Table 10 and Table 11 show the influences of porosity distribution and porosity index on critical buckling load parameter and critical natural frequency parameter of square SS porous FGM plate with various 'n'= (0,1,2,5,8, and 10) respectively. The materials property for Table 10 and Table 11 are FGM-4 and FGM-3 for a thick plate with a/h =10, respectively. It can be observed from both the tables that grading index moves from the ceramic layer to the metal layer, the critical buckling load parameter and critical natural frequency parameter start decreasing. The increase in 'n' transforms the pure ceramic into a combination of ceramic and metals phases. The combination increases the stiffness of the pure and porous FGM plate. Fur- ther, at n=0, the plate is completely ceramics and obtained the highest critical buckling load parameter and critical natural frequency parameter. Three types of porosity distribution compared according to the porosity location. It can be observed that porosity denser in centers in SCPD predicts low effects as compared to porosity denser in top and bottom in STPD and SBPD distributions respectively. It also noticed that by increasing the value of porosity index, critical buckling load parameter, and critical natural frequency parameter decreases. Figure 6 and Figure 7 represent the influences of span to thickness ratio on critical buckling load parameter and critical natural frequency parameter with n=1 for SS porous FGM plate. SCPD porosity distribution taken. It can be seen from both the tables that critical buckling load parameter and critical natural frequency parameter increase from thick to the thin plate for the porous FGM and the entire porosity index follow the same trend. The effect of thick to the thin plate is negligible after a/h=50. Table 12 represents the influences of foundation parameters with a porosity index on the critical buckling load parameter and critical natural frequency parameter of SS porous FGM-3 plate. SBPD porosity distribution and span to thickness ratio considered. It can see that by increasing the value of Winkler and Pasternak parameters cause to increase in the buckling load and natural frequency. The table shows also, Pasternak parameter of the foundation has a more significant effect than Winkler parameter on the buckling load and fundamental frequency of plate. Table 13 represents the effect of porosity index on the non-dimensional buckling load parameter for eight modes. SCPD porosity distribution is taken with n=1 and a/h=10. It can be seen that by increasing the porosity index, non- dimensional buckling load parameter starts decreasing in all loading condition. By increasing the mode numbers, non-dimensional buckling load parameter also increase in all three loading conditions. It also noticed that pure shear loading is more dominating than other loadings. Table 14 represents the effect of loading with and without the shear effect of SS porous FGM-2 plate. SCPD porosity distribution is taken with a/h=10. It can be seen that Diff % of uniaxial loading with and without shear on the non-dimensional critical buckling load parameter is more dominating as compare to the Diff % of biaxial loading with and without shear, this indicates that shear loading is more dominating with uniaxial loading as compared to the biaxial loading. Non-dimensional critical buckling load parameter starts decreasing with increasing porosity index in all the inplane loadings. Table 15 represents the effects of porosity index on natural frequency parameter of four modes of SS porous FGM-2 plate. It can be seen that natural frequency parameter starts decreasing by increasing the porosity index in all modes and by increasing the spam to thickness ratios the natural frequency parameter increasing.
Concluding remarks
In this work, a new five variables inverse hyperbolic higherorder shear deformation theory (IHHSDT) developed for the buckling and free vibration of porous FGM plates resting on two-parameter elastic foundations. The new nonpolynomial IHHSDT with five variables developed and satisfied zero transverse shear stress boundary condition at the top and bottom surfaces of the plate. Therefore, a shear correction factor is not required. The accuracy and efficacy of the present theory verified by comparing it with many existing results in the literature. It noticed that the developed theory is closer to the three-dimensional results and better than the results of the existing theories. The results obtained by the proposed theory and the present method can be summarized as follows:
• It has been shown that the present MQ-RBF based meshfree method can accurately predict buckling load and natural frequencies of FGM plate with and without resting on an elastic foundation. • The buckling loads and natural frequencies of plate decrease with the increase of power index. • The buckling loads and natural frequencies increase from thick to a thin plate • The buckling loads and natural frequencies of plate decrease with the increase of porosity index. • The shear loading is more dominating with uniaxial loading as compared to the biaxial loading for buckling loads • Porosity distribution located at the center (SCPD) predict buckling loads and natural frequencies closer to the pure FGM plate as compared to the STPD and SBPD • The buckling loads and natural frequencies increase by increasing the value of Winkler and Pasternak parameters. • Pasternak elastic foundation has a more significant rule as compared to Winkler elastic foundation in increasing the buckling load and natural frequency.
The newly developed theory and the current method can recommended as more correct and efficient for analyzing the buckling and free vibration behavior of porous FGM plate. The reported results will serve as a benchmark numerical solution to validate other solution methodolo-gies and theory will be useful to the research community working in this field and in FGM applications.
